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Apology: selection of materials is subject to personal
bias and limited knowledge of the field

- Contents:

- Neutrino Physics
+ Status of some Double Beta-decay experiments
* Results on solar neutrinos
* Results and prospects for neutrino oscillation

- Flavor Physics
- Lepton sector
+ Quark sector

- Dark Matter



Neutrino Physics



Double Beta-decays
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Solar Neutrinos : Matter Effect

+ Borexino on ’Be (2011) + Confirmed MSW-LMA in the

- 741 days vs 192 days (2008) Vacuum-dominated region.
- Reduced Sys"-ema-l-lc error by 2 ¢ CNO COhTI"IbUTIOh to SOIGI"

15 luminosity < 1.7% at 95% C.L.
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Solar Neutrinos :
Borexino: 385.5 days and 363.6 nights:
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Borexino and the other solar-neutrino results can single out the LMA
region without KamLAND

- No need to assume CPT invariance between v, and v, anymore.



IAm4 or |Am7] (107 eV?)

MINOS: New Result on Vu Oscillation

2010 Vu result
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Tension between VM and v,, results is gone.



Results on v, and v, Disappearance
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Search For v, Appearance: 0,
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Mixing Parameters From Global Fit
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A hint that 6,3>0 ?




Prospects For Determining 0,5

T2K will resume data taking in December 2011.

- Power is a concern

MINOS still has an additional 3 x 1020 p.o.t. of v being
analysed + present running
- will end data taking in March 2012, effectively 30% more data

Reactor-based experiments have begun data taking
- DayaBay: two detectors in a near hall on August 15, 2011
8 detectors in 2 near & 1 far halls in summer of 2012

- Double Chooz: one detector in far hall since April 13, 2011
with near and far detectors in January 2013

- RENO: one detector in near and one in far hall on August 1, 2011,

Determining 6,5 is the focus of studying neutrino
oscillation for the next few years.
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Flavor Physics



90%-CL bound

Charged-lepton Flavour Violation
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Muon g-2

* Hadronic vacuum polarization (hvp), dominating the
theoretical uncertainty, was obtained from the cross
section of e*e- — hadrons at low energy.

) New appr'oaCh (BaBar): Status: summer 2011 (published results shown only)
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Ewents (20 BeVic)

Spin-exotic 1-* m;(1600)
Forbidden in constituent quark . CLEO-c (2011)
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X(3872)

* First seenin B — KX, X — J/¥ =* =~ by Belle in 2003
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* Now confirmed by BABAR, CDF, DO, LHC-b, CMS
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Nature is unknown but not a conventional cc/cc state.
» Does not seem to have a charged partner.
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CKM Matrix in 2011: High Precision
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Hints of New Physics
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Assymmetry of Same-sign Dimuon
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Dark Matter



Constituents of Present Universe

Heavy Elements:
0.03%

Neutrinos:
0.3%

Free Hydrogen
and Helium:
4%

Dark Matter:
25%

70%

What is Dark Matter?
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Unveiling Dark Matter

WIMPs as par"rlcles

HOW|e Baer

neutrinos  WIMPs

neutralino
KK photon

branon
e >

4 axino
SuperWIMPs :

fuzzy CDM gravitino
M 1] KK graviton

1 g Bllack HOI¢ Rlemnqnt 1 1 1 1 1 1 |

10"’10'3"10‘2710'2“10'“10'“10 l51(} 12 10’ 106 103 10D m3 1(:»6 109 m‘2 1015 10“

mass (GeV)

Indirect Search:

Direct Search: * Probe WIMPs outside

* Detect WIMPs

. of Earth
on EGf‘Th by elastic - Annihilation of slow
scattering WIMPs

« Determine local

. Detect final-stat
density of WIMPs efect final-state

articles on Earth or

» Discovery with accelerators may have nothing to do

with WIMPs.

» Discovery of direct search may not be a particle.
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Positron fraction

Indirect Detection of Dark Matter

* Look for final-state particles from annihilation of dark-

matter in the Universe.

Mitgshumsiri, Fermi Symp. €011

ositron fraction = <
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| —+— PAMELA 2008
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Hints of dark matter ?

Energy (GeV)
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anti—proton flux [1/(m” secsr GeV|
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Indirect Detection of Dark Matter II
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No excess in both channels.
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Challenge: too many unknowns and uncertainties in
astrophysics and particle physics to interpret the

observations.
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Direct Detection of Dark Matter

120

Detection and
Discrimination Methods

GeNT, PICASSO,

XENON, LUX, ZEPLIN
WARP, ArDM

DAMA, XMASS,

DEAP/CLEAN CRESST 11 -



Muon intensity (rf s}’

Evidence of Dark Matter ?
DAMA @ LNGS (250 kg of ultra-pure NaTI) observed annual

modulation:
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CoGeNT: Another Hint ?
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Tonization Yield

15

CDMS-II & XENON-100
+ XENON-100 @ LNGS

+ CDMS-IT @ Soudan
cryogenic 4 kg Ge detector

~keV threshold

excellent energy
resolution, ~0.2 keV

<~mm 3-d spatial resolution
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2 Signal Candidates!

20% chance of fluctuation
from 0.8+0.2 background
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- observed 6 candidates
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What Have We Learned ?

1

+  With no background

subtraction limits,

CDMS and XENON
100 rule out DAMA
and CoGeNT

1o

[k

=
=\
e

WIMP-Nucleon Cross Section [em”]

1]
o
Iu-l;
"]" L © 0.5
~ g
. £0.25 .
K =
|
[ T |
=£10F N % 2 4 6 8 10]
l;.: : 1\. I Recoil energy (keV)
= b\
= \
N H . ol A -
= : \ \
- *++
510 ’ H . +f+‘\f++f+}+ p B
TR S AR o
b kY
2 5 10 15 20

Recoil energy (keV)

T

T

TTTTT T T 1

TTTIT

T

TTTT

KEMUMNMIO (21

XENONIO0 (2H0) 0

tr (\\ > [Lui.'ilr weller et o
* J,_'
L PR T L I L

|

I RN N ——

A bl

_‘q \.

LLUIIIE sl

100 i
WIMP Mass [GeVie’]

Lo
1

Background increases exponentially at

low energy
- S/N gets worse

- Low-energy candidates yield low-mass

WIMPs

- Takes time to understand the problems
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-l SIMPLE

Search for Dark Matter with Accelerator

- Signhature in collider experiments:
- Long-live weakly interacting neutral particle,

- Events with missing E;
- Sensitivity:

Spin-dependent interaction

%, XENON10

Tevatron

LHC 7
1l LHC 14 7
| et
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This is the window of opportunity
for LHC.

| LHC7

| LHC 14

1 3 10 50 100 500 1000

Spin-independent inferaction

-

- CDMS (low energy)

CDMS
XENON 100

), CoGeNT

i (GeV)

LHC at 14 TeV can only help up
tom, ~ 35 GeV.
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